Introduction
Emerging infectious diseases pose a major concern for animal health and have significant economic impact on the global livestock industry. These emerging diseases usually have no country boundaries and if they originate in a developing country could quickly spread to industrialized countries and other developing countries, and vice versa, mainly due to translocation of people and animals or through trade (Gummow, 2010) . The tropical environment of Pacific Island Countries and Territories (PICTs), coupled with a close human, wild animal and domestic animal interface and the inter-island movement of people between PICTs all create situations that are conducive to the emergence of diseases (Gummow, 2010; Jones et al., 2008) . However little has been published on what diseases of domestic animals occur within these islands or their prevalence.
The PICTs are said to be free of the most serious infectious livestock diseases which are prevalent in other parts of the world such as Highly Pathogenic Avian Influenza (HPAI), Classical Swine Fever (CSF), Foot and Mouth Disease (FMD) and Rabies (Angus, 1986; Newman and McKenzie, 1991; Secretariat of the Pacific Community, 2009b; Yarrow, 2008) . But there appears to be a lack of scientifically based evidence to confirm this status. To date, the only known work which compiled information on animal diseases in Oceania is an annotated bibliography on animal husbandry and diseases in the Pacific area dating back 45 years (Pacific Science Information Center Bernice P. Bishop Museum Honolulu, 1966) . Therefore a systematic review of papers compiling information on any diseases affecting domestic animals is warranted.
The objective of this study was to systematically review the current knowledge about the disease status of domestic animals in the Pacific Islands region, with a view to highlighting the gaps in knowledge and identifying the potential needs in terms of animal disease surveillance in this region.
Methods
A review was carried out on what has been published on diseases of domestic animals in the Pacific Islands region with a particular focus on data from the last 20 years . The review included relevant published papers identified by a computerized literature search of two electronic databases (PubMed and Web of Knowledge), reports on the animal health situation submitted by the PICTs to the World Organisation for Animal Health (OIE) and paper searches of resources at the library of the Secretariat of the Pacific Community (SPC) in Fiji. The SPC is an international organisation working in various domains, including agriculture and in particular animal health and production, to help Pacific Island people achieve sustainable development.
Search strategy

PubMed and Web of Knowledge databases
Peer-reviewed studies were sought in January 2013 on the PubMed and ISI Web of Knowledge databases using the following search strategy:
Search 1: (animal* OR livestock* OR herd* OR farm* OR cattle* OR bovine OR pig* OR swine OR sheep* OR ovine OR goat* OR caprine OR horse* OR equine OR chick* OR duck* OR bird* OR poultry OR bee OR bees OR apiculture* OR dog* OR cat* OR canine OR crocodile*) Search 2: (health OR infection* OR sick* OR disease*OR zoono* OR outbreak* OR bacteria* OR virus* OR parasite* OR prevention OR control OR surveillance) Search 3: ("Pacific" OR "Oceania" OR "Micronesia" OR "Melanesia" OR "Polynesia" OR "American Samoa" OR "Cook Island" OR "Federated States of Micronesia" OR "Fiji" OR "French Polynesia" OR "Guam" OR "Kiribati" OR "Marshall Islands" OR "Nauru" OR "New Caledonia" OR "Niue" OR "Northern Mariana Islands" OR "Palau" OR "Papua New guinea" OR "Pitcairn Islands" OR "Samoa" OR "Solomon Islands" OR "Tokelau" OR "Tonga" OR "Tuvalu" OR "Vanuatu" OR "Wallis" OR "Futuna") Search 1 AND Search 2 AND Search 3
The "all fields" option in PubMed and "Topic" option in Web of Knowledge were used to allow retrieval of publications in which the search terms appeared in the titles or the abstracts or the keywords.
Secretariat of the Pacific Community local database
The gray literature (i.e. print and electronic formats that have not been formally published by commercial publishers) were reviewed by scrutinising the SPC library database and the electronic documents archived in the shared-drive of the Animal Health and Production team from the Land and Resources Division.
WAHID interface
All official animal health reports submitted by countries from Oceania to the World Organisation for Animal Health (OIE) were reviewed via the World Animal Health Information Database (WAHID) interface (OIE). However, few PICTs are currently OIE member countries and/or report their animal health status. Hence data is only available on this database for Fiji, Federate States of Micronesia (FSM), New Caledonia, Papua New Guinea (PNG), Samoa, Tonga and Vanuatu. Moreover, some of these countries do not report consistently to OIE (some yearly reports are missing for some of the PICTs).
Eligibility criteria
Inclusion criteria
A publication was considered eligible for this review if it included qualitative or quantitative information on any disease (bacterial, viral, parasitic and fungal) affecting domestic terrestrial animals in any of the PICTs. Following the OIE definition, domestic terrestrial animals (mammals, birds and bees) are animals with "a phenotype selected by humans" and that "live under supervision or control by humans" (OIE, 2011b) . The selection of the countries and territories to be included in this review is based on the official list of 22 PICTs members of the SPC and included American Samoa, Cook Islands, FSM, Fiji, French Polynesia, Guam, Kiribati, Marshall Islands, Nauru, New Caledonia, Niue, Northern Mariana Islands, Palau, PNG, Pitcairn Islands, Samoa, Solomon Islands, Tokelau, Tonga, Tuvalu, Vanuatu, and Wallis and Futuna.
Exclusion criteria
Experimental studies and studies on aquatic species were systematically excluded. Studies investigating zoonotic diseases in humans were included whenever data was also provided for domestic animals (even if the study focused on humans). Since this paper focused on domestic animals, references on wild animals were excluded unlessthe data was collected from captive native animals (birds in particular). Publications focusing on crocodile, deer and pigeon health were included as these animals are being farmed in PNG and New Caledonia.
When more than one reference was retrieved for the same study or related work between the different databases under different formats (publications, project reports, conference presentation), only one reference was kept (the most compressive one) to avoid duplication.
The inclusion and exclusion criteria were applied to the title and abstract of all retrieved references. Considering the general literature search applied, the access to various databases of particular relevance for animal diseases in the Pacific Islands region and the ability of the author to review articles written in English and in French, which are the 2 most widely used languages in the studied area, this literature review probably includes most of the accessible references on the subject in the public domain.
Data collection process
The data collection process was undertaken in 2 steps. First, basic information was collected from all retrieved articles in order to assess which diseases have been reported in which PICTs. For this basic analysis, the following information was systematically recorded: the publication date, the country, the species, the disease, the type of causative agent (bacteria, virus, parasite, alga, toxins, tumour, fungi, rickettsiae) , if the reference focus was on a zoonotic disease or not, and the type of study (case report, case series, review or survey). In a second step, considering that the objective of this review was to obtain a better understanding of the current animal disease situation in PICTs, only documents published or written in the last 20 years were selected to focus on the most recent information. A more detailed analysis of the key findings from these references was then performed by collecting additional data. When quantitative data was available, the time of the study, the number of animals tested and number of positive analyses were recorded to calculate the apparent prevalence of the disease. For references without quantitative data, the status of the disease was recorded using qualitative terminology (enzootic, present, clinical disease, outbreak notification etc).
Results
Selected references
The search strategy retrieved 6,336 publications on PubMed of which only 107 were considered relevant when applying the inclusion and exclusion criteria. Similarly, 3,585 publications were obtained initially from Web of Knowledge, and after discarding the overlapping references with PubMed, 12 extra references were selected making a list of 119 references selected from these two scientific literature databases. Additionally, a further 47 references were identified from the SPC local database and the OIE database for the Oceania region. This database combines all the reports submitted by the PICTs between 2005 and 2011. For eight references, abstracts were not available and the full text document could not be retrieved. Moreover, one publication was written in German and had no abstract available in English. These references (see table 1) were thus excluded. A final list of 158 references was identified as matching the inclusion criteria from which only 77 (48.7%) were published within the last 20 years (from 1992 to 2012) and were processed further. 
Study characteristics
As shown in Fig. 1 , the number of references decreased over the years since the 1980's. Most of the references consist of surveys (65%) and case series or case reports (20%). Only one reference classified as a "review" was dedicated specifically to Papua New Guinea (Hide, 2003) while the remaining reviews are generally papers looking at a particular disease worldwide with little data provided for the Pacific Islands region. Among the 22 PICTs included in the eligibility criteria for this literature review, half of the references were providing data for PNG and for New Caledonia, with 35% and 24% of papers retrieved respectively for these 2 countries (Fig. 1) . A quarter (25%) of the references provided data on diseases for more than two animal species (coded as "multi species"), 18% reported on diseases of cattle and 15% on pigs (Fig. 2) . When looking at the agent involved in the diseases studied, almost half of the references (46% with n= 235) reported on parasitic diseases, one quarter on bacterial diseases (25%) and another quarter on viral diseases (24%) (Fig.3) . About 59 % of the references (93/158) provided data on at least one zoonotic disease. The number of references published annually is very irregular. Peaks of publications were observed in 2004 and 2011 (Fig.4) . 
Results of individual studies from 1992 to 2012
All the data on domestic animal diseases compiled from the 77 references between 1992 and 2012 for the Pacific Islands region are presented in Table 2 and Table 3 . Table 2 shows a summary of data for diseases detected through surveys or reported as present. Table 3 gives the list of diseases not detected (based on negative laboratory results) or reported as not present (based on the absence of any clinical case observed) in the region. The dates presented in Tables 1 and 2 are the dates when the study was conducted, when this information was provided and the date of publication of the reference. The term "Oceania" is used for data provided for the Pacific Islands region in general without detailed specification of the affected countries.
The disease lists are presented with two categories of data: Quantitative data with the estimated prevalence of the studied animal disease and qualitative data with a description of the status of the animal disease in the specific PICTs. Categories of qualitative data include disease declared as not present or undetected ( -); disease reported as present or detected (+); A comparison of diseases or pathogens listed in Table 2 and 3 shows that 16 diseases were sought but could not be found using the described methodology, in the Pacific Islands region. These diseases included borreliosis, psittacosis, bovine ephemeral fever, canine distemper virus, classical swine fever, equine infectious anaemia, equine viral arteritis, foot and mouth disease, porcine rotavirus, simbu serogroup, swine influenza, vesicular stomatitis, Amblyomma spp., avian malaria, cryptosporidiosis and cysticercosis (however, since this literature review focuses exclusively on domestic animals, it cannot be ruled out that some may occur in wildlife reservoirs). Two recent literature reviews on parasitic zoonoses and parasites of animals recorded at the National Veterinary Laboratory in PNG were retrieved but the extensive lists of parasites presented in these papers could not be included in the Table 2 (Owen, 2005 (Owen, , 2011 . No references were retrieved between 1992 and 2012 for five of the 22 PICTs included in this review, namely: American Samoa, Marshall Islands, Nauru, Pitcairn Islands and Tuvalu. Among the 77 references from 1992 to 2012, 31 (40.3%) were from the grayliterature retrieved from the SPC local database.
Discussion
Data and language limitations
While the original objective of our work was to conduct a meta analysis, we found that too few up-to-date studies were available to do so. Therefore, the work presented in this paper resulted in being a descriptive review of the data available on domestic animal diseases in the Pacific Islands region. The only similar kind of work performed is an annotated Dates presented in the table above represent the year the study was conducted or the year the disease report was released.
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Thanks to the access to the database available at the Secretariat for the Pacific Community and because we were able to review papers written either in English or in French (which are the 2 main official languages in the region), we think that we have been able to retrieve and analyse the majority and the most relevant references available on domestic animal diseases in the Pacific Islands region. It is acknowledged that the PICTs may have individually conducted animal disease studies without publishing the results on the databases selected for this study. This data would thus be missing in this literature review.
This review has extracted data from gray literature usually only accessible to a limited number of stakeholders within the Pacific Islands region and made this available to the scientific community.
However, the possibility of intentional non-reporting or public disclosure of animal diseases for fear of the negative impact on trade and tourism shall not be excluded.
The type of data collected varied between papers and reports. Some studies presenting only one piece of information for a particular animal disease in one species and for only one PICT while other studies gave an extensive list of data for several animal diseases studied in multiple species. In particular, SPC has conducted a series of animal disease surveys in 10 PICTs between 1994 and 2000 that provide an extensive amount of information for the main animal diseases in the region. However these data are already about 15 years old and would benefit from updated methods of disease detection.
The large number of references providing information for PNG and New Caledonia presumably reflects the interest and the investment in terms of animal disease surveillance and investigation done in these two countries by Australia and France respectively. This literature review shows that for 17 other PICTs less than five references were retrieved per country, emphasising the lack of information or lack of diseases in these countries.
The fact that a majority of data compiled focused on parasitic diseases may reflect the particular interest in such diseases in this part of the world and/or may indicate that these diseases are a main issue faced by local farmers. But it may also reflect the fact that few PICTs are actually equipped with diagnostic laboratories and most of the PICTs have to send samples abroad for a proper laboratory diagnosis of bacterial or viral diseases.
Our literature review shows that there is no clearly defined focus on a specific disease in the Pacific Islands region and that the research done so far in the region does not seem to highlight any one disease of particular significance to a single PICT or the region generally.
Most of the published data was related to cattle and pigs and this may reflect the importance of these two species for the livestock industry in the region but also the very particular role of pigs in Pacific society for traditional and social events (SPC, 2007) . However, the proportionally limited amount of data retrieved for poultry is surprising considering the importance of that sector in most of the PICTs at the commercial and semicommercial level but also at the village level as a subsistence product for locals.
Diseases of zoonotic interest to the region
In the literature reviewed, all samples tested for avian influenza were reported to be negative. The studies did not specify which strains were tested but our database query assessed whether there had been signs of pathology and/or high mortality in the local poultry population if a virulent strain was circulating in any of the PICTs. Only a low pathogenic strain of avian influenza was suspected in PNG in 2011 (OIE, 2011a) .
Leptospirosis is an endemic zoonosis in Oceania (Kline et al., 2013) and is consistently reported as present in animals by the OIE member countries. The latest sero-prevalence studies on animals are from 2002 in Fiji (Lupo, 2003 in PNG (Wai'in, 2007 . Recent public health studies have been conducted in American Samoa and have been looking at the risk factors related to backyard piggeries (Lau et al., 2012a; Lau and DePasquale, 2012; Lau et al., 2012b) . More studies within the susceptible animal populations and extended to the other PICTs are required to complement these studies in American Samoa.
Animal disease reports submitted for the year 2011 to OIE confirmed the present of Brucellosis in Fiji and French Polynesia and suspicion of occurrence in Tonga. The only recent sero-prevalence study retrieved for this disease was conducted in Wallis and Futuna islands (Antras and Garin-Bastuji, 2011) . Domestic animals are known to be the hosts of some arboviral infections such as Japanese encephalistis, Murray Valley encephalitis and Ross River virus (Kuno, 2001; Russell, 2002; Sabchareon and Yoksan, 1998) but only very limited information on these diseases was retrieved for domestic animals while they are identified as being of major importance in Oceania from a public health perspective (Kline et al., 2013) .
Based on the references retrieved through this literature search, rabies has not been
detected or reported on domestic animals during the reference period of 1992 and this status seems to be confirmed by the "no" to "low" risk for humans of contracting rabies within the PICTs (WHO, 2008 (WHO, , 2011 . But rabies was nevertheless reported as "present" in the Oceania region in 2007 (WHO, 2007 . Diseases of economical importance and at potential risk for the region:
Foot and Mouth disease and Classical Swine Fever are reported in various countries of South East Asia but PICTs seem to have remained free of these transboundary diseases. Similarly, Porcine respiratory and reproductive syndrome is now widely spreading in various parts of Asia , but within our PICT survey seems only to have been detected in French Polynesia. (OIE, 2011a) . The Pacific Islands region therefore appears to be relatively free of economically important diseases. In an area composed of 25,000 islands dispersed over 180 million square kilometres and hosting 9 million people it is a challenge to maintain a disease free environment. So far, the Pacific region is said to have a "favourable animal health status" with almost no serious livestock diseases. Nevertheless, these statements have to be mitigated by the fact that many PICTs do not have adequate animal disease surveillance and reporting systems to confirm this status (Secretariat of the Pacific Community, 2009a, b). However, an AusAID funded project is currently supporting the establishment of a network of laboratories in the region to help addressing this issue (REF???) .
Besides giving the PICTs the opportunity to access international markets, establishing and maintaining a national animal disease surveillance and information management system would create in-country benefits by enabling early detection of disease outbreaks and emerging diseases and reduce the impact of endemic diseases (Secretariat of the Pacific Community, 2009a)
Conclusion
This paper reviews the current knowledge on domestic animal diseases in 22 PICTs with an emphasis on data from 1992 to 2012 and shows that very little information is available for this region. While our review was seeking information on any domestic animal disease, no single disease appears to be a principal concern for the region. Considering the very broad scope of this review in terms of animal diseases, retrieved literature is scarce and no longer up-to-date. This paper stresses the need for more investment on animal disease status in Pacific Islands region, particularly given the tropical environment and ideal conditions for disease emergence. Responsible, commensurate investments and international coordination are needed to improve the knowledge of the current animal health status in the region and to enable PICTs wishing to control diseases of public health concern or to access international trade in live animals and animal products. 
